Molecular studies have demonstrated the existence of at least two major subtypes of human T-cell lymphotropic virus type 2 (HTLV-2), designated HTLV-2a and HTLV-2b. To further investigate the heterogeneity of this family of viruses, we have characterized the HTLV-2 subtypes present in several urban areas in Brazil. DNAs from peripheral blood mononuclear cells of a large number of infected individuals, the majority of whom were intravenous drug abusers, were analyzed by using PCR with restriction fragment length polymorphism and nucleotide sequencing analysis. Restriction fragment length polymorphism analysis of the env region suggested that all individuals were infected with the HTLV-2a subtype, and this was confirmed by nucleotide sequence analysis. In contrast, nucleotide sequence analysis of the long terminal repeat demonstrated that although the viruses were more related to the HTLV-2a than to the HTLV-2b subtype, they clustered in a distinct phylogenetic group, suggesting that they may represent a new and distinct molecular subtype of HTLV-2. This conclusion was supported by nucleotide sequence analysis of the pX region, which demonstrated that the Tax proteins of the Brazilian viruses differed from that of prototype HTLV-2a isolates but were more similar to that of HTLV-2b in that they would be expected to have an additional 25 amino acids at the carboxy terminus. In transient expression assays, the extended Tax proteins were found to be much more potent transactivators of the virus long terminal repeat than the Tax protein of the prototype HTLV-2a subtype. The studies suggest that the Brazilian viruses analyzed in this study, while being phylogenetically related to the prototypic HTLV-2a seen in North America, are phenotypically more related to HTLV-2b and can be justifiably classified as a new molecular subtype, which has been tentatively designated HTLV-2c.
Human T-cell lymphotropic virus type 1 (HTLV-1) and type 2 (HTLV-2) are closely related mammalian retroviruses which share a number of biological properties and have a tropism for T lymphocytes (22, 27, 44, 54) . HTLV-2 infection is endemic in a number of American Paleo-Indian populations (1, 2, 4, 6, 7, 10, 14, 25, 26, 29, 33, 35, 37, 41, 43, 51, 56) , and high rates of infection occur in intravenous drug abusers (IVDAs) in parts of North America, Europe, and Southeast Asia (13, 22, 44, 57) . A number of studies of the viruses present in these populations have demonstrated that there are two major molecular subtypes of HTLV-2, which have been designated HTLV-2a and HTLV-2b (5, 8, 22, 26, 44, 53) . Whereas HTLV-2a has been clearly shown to be the predominant infection in IVDAs in urban areas of North America (8, 44) , HTLV-2b predominates in the Paleo-Indian groups (5, 22, 41, 44, 52) . To date, HTLV-2b has been shown to be the exclusive infection in the Guaymi of Panama (43) , the Wayu of Colombia (29, 51) , and the Toba and Mataco groups of Argentina (10) . In contrast, studies of Indian populations in North America have shown that whereas HTLV-2b infection appears to predominate, a number have infection with both subtypes (26) . It seems possible that these populations have endemic infection with one subtype and that the second has only recently been introduced by interactions with individuals who had other risk factors for infection.
In contrast to the studies on the aforementioned Indian groups, we have recently demonstrated that the Kayapo Indians, an indigenous population of Amazon region of Brazil, are infected with a distinct variant of the HTLV-2a subtype (30) . Unfortunately, because of the small sample number and the limited molecular analysis, it was impossible to determine if this virus should be considered a distinct and unique molecular subtype. In the present study, we have attempted to characterize HTLV-2 infections in urban areas of Brazil and to compare these viruses with those present in the Kayapo Indian group. This effort has involved detailed nucleotide sequence analysis of three regions of the provirus, the env, long terminal repeat (LTR), and pX regions. The studies have demonstrated that the viruses in the urban areas are closely related to that present in the Kayapo Indians but that they are phylogenetically distinct from the HTLV-2a and HTLV-2b subtypes present in North America and Europe. This finding together with preliminary analysis of their phenotypic properties supports the view that these isolates represent and can be justifiably classified as a new and distinct molecular subtype of HTLV-2.
MATERIALS AND METHODS
Study population. Twenty-eight individuals from Sao Paulo (n ϭ 24), Rio de Janiero (n ϭ 2), and Recife (n ϭ 2), 27 of whom were intravenous drug abusers (IVDAs), were identified as being seropositive for HTLV-2 by enzyme-linked immunosorbent assay (ELISA) and confirmatory Western blot (immunoblot) analysis; 26 of the latter had concomitant human immunodeficiency virus infection. Seropositive individuals were identified by initial screening for antibodies to HTLV-1 and/or HTLV-2 by ELISA (Coulter Immunology, Hialeah, Fla.). Reactive samples were analyzed by Western blotting (HTLV Blot 2.3; Diagnostic Biotechnology, Singapore) to confirm seropositivity and to differentiate HTLV-1 and HTLV-2 infections. The origins of the samples obtained from the Kayapo Indian group have been previously described (30) .
Peripheral blood mononuclear cells from infected individuals were separated by Ficoll-Hypaque centrifugation, and DNA was extracted by standard phenolchloroform extraction methods. Amplification of the env region encoding the transmembrane glycoprotein gp21 for restriction fragment length polymorphism (RFLP) and nucleotide sequence analysis was carried out by using nested PCR with methods previously described (23, 30) . For amplification and nucleotide sequencing analysis of the LTR, nested PCR was carried out as follows. Reactions were performed in 100-l volumes containing 1 g of extracted DNA, 225 M each deoxynucleoside triphosphate, 100 pmol of each primer, 50 mM KCl, 2.0 mM MgCl 2 , 10 mM Tris-HCl (pH 8.3), and 0.5 U of Taq polymerase (PerkinElmer Cetus Corp., Norwalk, Conn.). Primer pairs used in the first round were 5Ј-CCTTACCCACTTCCCCTAGCGCTGA-3Ј and 5Ј-GGGAAAGCCCGTG GATTTGCCCCAT-3Ј, corresponding to nucleotides (nt) 194 to 218 and 807 to 831 of the HTLV-2-MoT isolate. The second round was carried out with the nested primers 5Ј-AAAAGCGCAAGGACAGTTCAGGAGG-3Ј and 5Ј-ATC CCGGACGAGCCCCCACTTGTTT-3Ј, corresponding to nt 290 to 314 and 759 to 783. Five microliters of the initial amplified product was used in the nested reaction. For RFLP analysis of the LTR, PCR was used to generate a 553-bp amplified product. After the first-round PCR as just described, a second primer pair, 5Ј-TGACGATTACCCCCCTGCCCATAAA-3Ј and 5Ј-ATCCCGGAC GAGCCCCCACTTGTTT-3Ј, corresponding to nt 231 to 254 and 759 to 783 of the HTLV-2-MoT isolate, was used in the reaction to produce the nested product. The synthesis of this LTR product, which is larger than that used in the nucleotide sequence analysis, was necessary to achieve satisfactory resolution of all DNA fragments in the RFLP analysis of the HTLV-2a subtype (8) . In each experiment, after an initial denaturation for 5 min at 94ЊC, 35 cycles were carried out in a DNA thermocycler (Perkin-Elmer Cetus). Each cycle consisted of denaturation for 40 s at 94ЊC, annealing for 30 s at 57ЊC, and extension for 1 min at 72ЊC. The 35 cycles were followed by a 10-min extension at 72ЊC. For amplification and nucleotide sequencing of the entire pX region, nested PCR was carried out to prepare two overlapping products (nt 7192 to 7791 and 7713 to 8285). Primers in the first round for the first product were pX101 (nt 7153 to 7173; 5Ј-GGCAATCTCCTAAAATAGTCT-3Ј) and pX102 (nt 7815 to 7795; 5Ј-TGTGTGTAGGAACATTTTGTA-3Ј); primers in the nested reaction were pX103 (nt 7192 to 7212; 5Ј-TTACAATCCTGTCTCCTCTCA-3Ј) and pX104 (nt 7791 to 7771; 5Ј-AAGTTCTTCTAATCGTTTTAG-3Ј). For the second overlapping product, the first-round primers were pX105 (nt 7683 to 7703; 5Ј-GCTT TCCCCACCCATGACATG-3Ј) and pX106 (nt 8326 to 8306; 5Ј-GGGCCGTG GTTTCAGTTCCTA-3Ј), and primers in the nested PCR were pX107 (nt 7713 to 7733; 5Ј-ACCCCATGTCATATTCTGCCA-3Ј) and pX108 (nt 8285 to 8265; 5Ј-AGCCTTTACTTGGGATTGTTT-3Ј). Reaction conditions were identical and, following initial denaturation at 94ЊC for 5 min, involved 35 cycles of denaturation at 94ЊC for 40 s, annealing at 52.5ЊC for 30 s, and chain elongation at 72ЊC for 40 s. Upon completion of each PCR, an additional extension at 72ЊC for 10 min was carried out.
For amplification of the pX region which contains the expected stop codon of tax, the following reaction conditions were used. The initial PCR was carried out with primers pX105 and pX106 as described above and was followed by nested PCR using primers pX106 (see above) and LS1 (nt 8140 to 8160; 5Ј-GAATA CACCAACATCCCTGTC-3Ј). Reaction conditions were as described above, and amplified products were analyzed by agarose gel electrophoresis with ethidium bromide staining.
In view of the large number of PCRs and particularly those involving the LTR, maximum precautions were taken to avoid contamination (32) . Physically separate rooms were used for DNA isolation, preparation of reaction mixes, the PCR, and analysis of amplified products. All reactions were carried out with appropriate positive and negative controls. It should also be noted that contamination between the Kayapo Indian and IVDA samples would be highly unlikely, as studies of the former were carried out in different laboratories and at an earlier time.
RFLP analysis. The amplified env gene product was directly digested with XhoI as described previously (23) . Digestion of the amplified product of HTLV-2a by this enzyme would be expected to generate two fragments (430 and 180 bp), while the amplified product of HTLV-2b lacks the restriction site and is not cleaved. Digestion products were visualized in agarose gels after staining with ethidium bromide. RFLP analysis of the LTR was carried out as described previously (8) . PCR products were initially purified by using Wizard PCR Preps (Promega), and 10 l of the purified DNA was directly digested with 5 U of AvaII, BanII, BglI, Bsu36I, MseI, and SmaI (Boehringer Mannheim, Indianapolis, Ind.), either singly or in combination, using conditions recommended by the manufacturer. Products were electrophoresed on 3.0% agarose gels and visualized by ethidium bromide staining.
Cloning and nucleotide sequence analysis of PCR-amplified products. Following PCR and electrophoresis on low-melting-temperature agarose gels, the amplified products from the env, LTR, and pX regions were excised and cloned into the pCR-Script SK(ϩ) vector (Stratagene, La Jolla, Calif.), using conditions recommended by the manufacturer and as previously described (8) . Plasmid DNA from recombinant clones was extracted by using the Promega miniprep system (Promega). Nucleotide sequence analysis was carried out on two to three clones of each sample. DNAs were sequenced in both directions, using an automatic sequencing apparatus (Applied Biosystems, Norwalk, Conn.).
Phylogenetic analysis. Nucleotide sequences were aligned by using CLUSTAL W (version 1.5), obtained from the EMBL file server (12, 42) . Phylogenetic trees were constructed by using programs from both the PHYLIP (version 3.5c) package (9) and the CLUSTAL W package (55) . The nucleotide distances among the envelope clones were determined on nonidentical sequences, using the DNADIST program and correcting for evolutionary distance by using the Kimura two-parameter model (31) . A phylogenetic tree was constructed by least-squares analysis using the FITCH program. To assess the reliability of the groupings obtained with FITCH, 1,000 bootstrap replicates were generated by using the SEQBOOT program, and the trees were analyzed by the CONSENSE program. Equivalent phylogenetic relationships were found among the envelope clones by using the maximum-likelihood analysis program DNAML and by the neighbor-joining method (45) , using the NEIGHBOR program. Phylogenetic trees for the LTR clones were constructed by using the neighbor-joining method (45) as implemented in CLUSTAL W. The reliability of these trees was statistically evaluated by using 10,000 bootstrap replicates. Equivalent phylogenetic relationships among the LTR clones were found by using a least-squares analysis (FITCH) and a maximum-likelihood analysis (DNAML). The analysis included the 8 Brazilian IVDA samples and 25 other HTLV-2 LTR sequences, 18 sequenced in our laboratory (8) and 7 from the published literature. Details of the former have been previously published; these samples included 8 which had been identified as HTLV-2a and 10 identified as HTLV-2b (8) . The latter included the two prototype subtypes of HTLV-2a and -2b, MoT (48) and NRA (34); G12, an isolate from a Guaymi Indian (43); two isolates from the Wayu Indians of Colombia (51); PygCam1, an isolate from a prostitute from Cameroon (38) ; and KT, an isolate from a prostitute from Ghana (28) . Also included were two LTR sequences of the virus endemic in the Kayapo Indians of Brazil, one of which has been recently published (30) .
Tax constructs. The expression vector pCG, used for the expression of Tax proteins, was kindly provided by M. Yoshida, Tokyo University, Tokyo, Japan. The pCG vector contains the cytomegalovirus promoter, the herpes simplex virus tk gene, 5Ј untranslated leader, and initiation codon, rabbit ␤-globin splicing and polyadenylation signals, and the replication origin of simian virus 40. To prepare the HTLV-2a Tax protein (Tax a), the extended Tax protein representative of the HTLV-2b isolates, and selected deletion mutants of these proteins, PCR was used to amplify the corresponding gene regions with primers containing XbaI and BamHI restriction endonuclease sites in the 5Ј and 3Ј ends, respectively. Primers used in the PCR were as follows. An upstream primer 5Ј-CGGGCT TCTAGACATGGCCCATTTCCCAGGATT-3Ј (XbaI site underlined) was used in the preparation of both Tax a and the extended Tax proteins. The downstream primers for Tax a and the extended Tax protein were 5Ј-GTAACT GGATCCCTAGTCGCCATTGTCATCCGA-3Ј and 5Ј-CGCCGCGGATCCT TACTTGGGATTGTTTGTGTG-3Ј, respectively (BamHI sites underlined). To prepare Tax a with a 55-amino-acid deletion in the carboxy terminus, the downstream primer 5Ј-CGCGGCGGATCCCTAGGAGGAGTATTGTATAAG-3Ј (BamHI site underlined) was used. Thirty-five cycles of denaturation at 94ЊC for 30 s, annealing for a 1 min at 63ЊC, and chain elongation at 72ЊC for 2 min were used in all reactions. Amplified products were initially cloned in the pCR-Script SK(ϩ) vector as described above, and the purified plasmids were subsequently digested with XbaI and BamHI. Inserts were separated by agarose gel electrophoresis and directly ligated to the pCG vector which had been previously digested with XbaI and BamHI.
Transfections. Jurkat cells were transfected with the pCG Tax constructs and pHTLV-II-LTR-CAT (originally derived from pVS 2 CAT and kindly provided by K. Shimotohno, National Cancer Center Research Institute, Tokyo, Japan), using Lipofectin (Promega) as described by the manufacturer. One microgram of each plasmid was used to transfect 5 ϫ 10 6 cells which had been grown in antibiotic-free RPMI medium containing 10% fetal calf serum and subsequently washed twice with Opti-MEM (Gibco) without serum. Following transfection, cells were incubated for 3 h at 37ЊC, at which time the Lipofectin-DNA complexes were removed. Cells were then incubated in RPMI containing 10% fetal calf serum without antibiotics for an additional 48 h.
CAT assays. Cells were collected, washed twice in ice-cold phosphate-buffered saline, resuspended in 300 l of Reporter lysis buffer (Promega), and incubated at 60ЊC for 15 min to inactivate endogenous deacetylase activity. After centrifugation, supernatants (100 l) were incubated with 3 l of [ 14 C]chloramphenicol (0.05 mCi/l) and 5 l of n-butyryl coenzyme A (5 g/l), and reactions were allowed to proceed at 37ЊC for 2 h. Five hundred microliters of ethyl acetate was added to each sample, and after vortexing and centrifugation at 14,000 rpm for 5 min, the upper organic phase was removed and evaporated to dryness on a Savant DNA SpeedVac apparatus. The residues were suspended in 30 l of ethyl acetate, and 10-l samples were spotted onto thin-layer chromatography silica gel plates (J. Baker SG/IBZ plates) which had been preequilibrated for 1 h with chloroform-methanol (97:3). Chromatography was continued for 60 min, and the plates were then dried at room temperature and exposed to X-Omat X-ray film for 24 h with intensifying screens. After chromatography, the butyrylated prod-ucts were scraped from the plate and counted by liquid scintillation. Chloramphenicol acetyltransferase (CAT) activity was averaged from a minimum of three separate assays.
Accession numbers. The GenBank accession numbers (first term) of the HTLV-2 env fragments included in the phylogenetic study (second term) are as follows: U32905, 408N; U32901, MSA1bp; U32903, DOG (WH2); U32906, 130P; U32904, 72969N; U32902, GAR (WH6); U32900, PAR (WH7); U19110, Kayapo 1 (KAY1); U19109, KAY2; U32899, Sao Paulo 1 (SP1); U32898, SP2; U32897, SP3; U32896, SP4; U32895, SP5; Z46837, PH230PCAM; PygCam1 (17) . A number of additional sequences of the env region which were available for analysis were not included, as these were found to have sequences identical to those of the representative HTLV-2a (DOG) and HTLV-2b (130P) samples included in the analysis (23, 26) . The GenBank accession numbers of the HTLV-2 LTR fragments sequenced in our laboratory and included in the phylogenetic study are as follows: L37129, WY; L37130, CAM; L37131, DOG; L37132, DSA; L37133, FH; L37134, FLN; L37135, FUC; L37136, GAR; L37137, JD; L37138, MIN; L37139, SAC; L371140, SC; L37141, VIN; L37142, AG; L37143, ASB; L37144, MER; L37145, PAR; L37146, WEN; U25135, KAY1; U32887, KAY2; U32888, SP1; U32889, SP2; U32890, SP3; U32891, SP4; U32892, SP5; U32893, SP6; U32894, SP7; U32886, Rio de Janeiro 1 (RJ1). Seven published LTR sequences were also included in the analysis. In addition to sequences of the prototype (MoT, NRA, and G12) viruses (accession numbers are listed below), two sequences of HTLV-2b from two Wayu Indians (51), WYU-1 and WYU-2 (U12792 and U12794), and two of HTLV-2a from African prostitutes (28, 38) (PH230PCAM [GenBank accession number Z246838] and KT [28] ) were included. The GenBank accession numbers for pX fragments are as follows: U32885, FLN; U32871, DOG; U32883, SAC; U32884, MIN; U32882, FUC; U32880, PAR; U32881, GAR; U32879, VIN; U32875, KAY1; U32874, KAY2; U32873, SP1; U32872, SP2; U32878, SP3; U32877, SP4; U32876, SP5. The GenBank accession numbers for the complete nucleotide sequences of the prototype HTLV-2a (MoT) (40) and for HTLV-2b (NRA) (30) and G12 (35) are M1D060, L20734, and L11456, respectively.
RESULTS

RFLP and nucleotide sequence analysis of the env region.
RFLP analysis using XhoI digestion of the PCR product of the env region encoding the transmembrane glycoprotein, gp21, was carried out to differentiate infections by the two known HTLV-2 subtypes. Previous studies have shown that whereas all HTLV-2a isolates contain this enzyme site, it is absent in HTLV-2b isolates (23) . It could be shown that the amplified products of all 28 seropositive samples were effectively cleaved, yielding two fragments with expected sizes of 450 and 180 nt and demonstrating that all were infected with a virus related to the HTLV-2a subtype. To confirm infection by the HTLV-2a subtype and to determine the relationship of the viruses both to prototype isolates and to the virus endemic in the Kayapo Indians, the nucleotide sequence of the amplified env product was determined in five randomly chosen samples (SP1 to SP5). Phylogenetic analysis of a 589-nt region clearly demonstrated that all of the Brazilian sequences segregated with prototypic HTLV-2a isolates from North America (Fig. 1) . While the isolates did not cluster on a single branch, distinct phylogenetic groups within the HTLV-2a subtype could not be clearly identified. This reflects the marked conservation of nucleotide sequence in this region of the proviruses (23, 26, 29) . Examination of the nucleotide sequences of the env clones revealed that HTLV-2a (Mo) (40) and HTLV-2b (NRA) (30) differ by 24 residues in the region examined. The Kayapo clones matched HTLV-2a at 20 positions and HTLV-2b at 4 positions and had one unique residue. The isolates from the urban areas, SP1 to SP5, matched HTLV-2a at 21 positions and HTLV-2b at 3 positions and had two unique residues.
Nucleotide sequence analysis of the LTR region. To further clarify the relationship of the Brazilian viruses to prototype HTLV-2 isolates, the phylogenetic relationship of a 449-nt region of the LTR was analyzed. Previous studies have shown that analysis of the LTR region permitted the identification of distinct phylogenetic clusters within both virus subtypes (8, 43) . Figures 2A and B show unrooted and rooted phylogenetic trees, respectively; in these analyses, 8 sequences (SP1 to SP7 and RJ1) analyzed in the present study were compared with the sequence of the virus present in two Kayapo Indians and an additional 25 sequences representative of HTLV-2a and -2b isolates. It could be shown that all of the Brazilian viruses, while being more closely related to the HTLV-2a than to the HTLV-2b subtype, clearly clustered in a distinct phylogenetic group. The reliability of the phylogenetic trees was statistically evaluated by using 10,000 bootstrap replicates and provided a confidence level of 97 to 98% in the branching of the Brazilian sequences. Equivalent phylogenetic relationships were obtained with each method used. Examination of the nucleotide sequences of the LTR clones revealed that HTLV-2a and HTLV-2b differ at 20 positions in this region. The Brazilian sequences matched HTLV-2a at 17 positions and HTLV-2b at 3 positions and had unique residues at 4 positions. The results also established the close relationship of the viruses present in the urban areas of Brazil to that present in the Kayapo Indians. FIG. 1 . Phylogenetic analysis of 589 nucleotides the env gene region encoding the transmembrane glycoprotein gp21 of HTLV-2 isolates from five IVDAs from Sao Paulo (SP1 to SP5) and two Kayapo Indians (KAY1 and KAY2) with representative HTLV-2a and HTLV-2b isolates, including the prototype HTLV-2a isolate (MoT) and the prototype HTLV-2b isolate (NRA), representative isolates of HTLV-2a from a New York City IVDA (DOG) and North American Indians (130P and MSA1bp), and corresponding HTLV-2b isolates from New York City IVDAs (GAR and PAR) and North American Indians (408N and 60405N) . Other available sequences of both subtypes in these two populations (26) were intentionally not included in the analysis, as they were found to have sequences identical to those of the representative isolates indicated above. Also included in the analysis were isolate G12, from a Guaymi Indian, and PH230CAM and PygCam1 from African prostitutes. The origins of these isolates are detailed in Materials and Methods. The bootstrap statistical analysis was applied, using 1,000 bootstrap replicates with HTLV-1 (ATK) as the outgroup. On the basis of their distinct phylogenetic clustering, the Brazilian viruses were tentatively considered to represent a distinct molecular subtype. An interesting finding but unrelated to the main focus of this study was the observation that the three HTLV-2b isolates from the Wayu Indians of Colombia formed three distinct phylogenetic clusters (WY, WYU-1, and WYU-2). The reasons for this are unclear but might suggest that in addition to endemic infection, there may have been a recent introduction(s) of one or more of these viruses into this population (51) . As far as we are aware, there has only been one other phylogenetic analysis of the LTR of HTLV-2 isolates (52). However, the results of that study and ours are difficult to compare, as the former involved a different region of the LTR; in addition, it included only one sample from Brazil. However, it is important to note that this sample also appeared to cluster distinctly from the North American HTLV-2a subtypes. RFLP analysis of the LTR. To determine if the HTLV-2 in our urban populations represented infection by the same or a closely related virus, RFLP analysis of the LTR was used to compare 28 of the viruses (26 IVDA and 2 Kayapo isolates) included in this study. Previous studies from our laboratory have demonstrated that analysis of the LTR of HTLV-2a isolates from North America allowed their differentiation into four distinct RFLP groups, which were designated a 1 to a 4 (Fig.  3A) (8) . Computer-generated restriction endonuclease maps of the LTR sequences obtained for the two Kayapo and eight IVDA isolates shown in Fig. 2 suggested that the Brazilian samples would have a distinct RFLP pattern, which was tentatively designated Bzl (Fig. 3A) . All of the samples were found to have a characteristic AvaII site in the 3Ј end of the amplicon which would allow their differentiation from the four RFLP groups present in the North American samples (Fig.  3A) . A typical RFLP analysis demonstrating the ability of AvaII digestion to differentiate the Brazilian from North American viruses is shown in Fig. 3B . The RFLP patterns of all 28 samples were analyzed by using the six restriction endonucleases AvaII, BanII, MseI, Bsu36I, SmaI, and BglI. It could be shown that 24 (two Kayapo and 22 IVDA) samples had a pattern identical to that designated Bzl (Fig. 3A) . The remaining four samples (all from IVDAs) had an additional BanII site in the 5Ј end of the amplicon ([Ban II] in Fig. 3A) . Nucleotide sequence analysis revealed that in the four LTRs, this was generated by a single nucleotide substitution (T3G) at nt 315. The nucleotide sequence of the remaining region of the amplicon was unchanged. The results demonstrate that the majority (24 of 28) of the Brazilian HTLV-2 samples in this study involved a closely related if not identical virus. The remaining 4, while having a different RFLP pattern characterized by an additional BanII site, were considered on the basis of nucleotide sequence analysis to be extremely closely related to the former 24 samples. The observation that all 28 Brazilian samples could be readily differentiated from the HTLV-2a present in North America suggests that at least in our study population, infection by viruses from the latter geographic region had not occurred.
Nucleotide sequence analysis of the pX region. To support the view that the Brazilian viruses represent a unique molecular subtype and to determine if there may be phenotypic differences between the subtypes, we focused on the nucleotide sequence and on preliminary functional analysis of products of the pX region. The pX region is known to encode at least two regulatory proteins, Rex and Tax. Previous studies have shown that the Tax protein of the HTLV-2b subtype (Tax b) contains an additional 25 amino acids at the carboxy terminus compared with Tax a as a result of a nucleotide substitution(s) in the stop codon present in HTLV-2a isolates (22, 40, 42, 43) . However, it is unclear if these additional amino acids may result in differences in the biological properties or phenotype of this subtype. Nucleotide sequence analysis demonstrated that the Brazilian viruses differed from HTLV-2a but were similar to HTLV-2b in that the expected stop codon was also abrogated by a single nucleotide substitution (Fig. 4) . As a result, these FIG. 3 . Comparative RFLP analysis of prototype HTLV-2a isolates from urban IVDAs and Kayapo Indians in Brazil. (A) Predicted restriction endonuclease maps of a 553-nt region of the LTR, based on computer analysis of the nucleotide sequences. RFLP groups a 1 to a 4 were as previously described (8) (40), and HTLV-2b from two IVDAs from New York City (FUC and GAR), G12, a Guaymi Indian isolate, and HTLV-2-NRA, the prototype HTLV-2b (30) . With the exception of G12, a single nucleotide substitution, T3C at position 8203, was present in the Sao Paulo, Kayapo, and HTLV-2b samples. In G12, two substitutions were found in the stop codon. These substitutions abrogated the stop codon present in the HTLV-2-Mo provirus.
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EIRAKU ET AL. J. VIROL. proteins would also be expected to have an extended Tax protein with an additional 25 amino acids at the carboxy terminus (Fig. 5) . In addition to the additional 25 amino acids at the carboxy terminus, the Brazilian viruses had consistent amino acid differences from HTLV-2-Mo, the prototype HTLV-2a subtype, resulting in amino acids which are present in all of the HTLV-2b isolates examined. To ensure that the loss of the stop codon is a common feature, PCR was used to amplify a 187-nt region flanking the stop codon from a total of 12 (10 IVDA and 2 Kayapo) Brazilian isolates and a larger number of representative HTLV-2a and HTLV-2b subtypes. It could be shown that identical substitutions were present in the stop codons of all 12 Brazilian isolates. Representative nucleotide sequence analysis of samples from five IVDAs (SP1 to SP5) and two Kayapo Indians is shown in Fig. 6 . The results also confirmed that similar substitutions were present in all representative HTLV-2b isolates but that the stop codons were intact in all HTLV-2a isolates analyzed.
Transactivation of the HTLV-2 LTR by HTLV-2 Tax proteins.
To compare the relative abilities of Tax a and the ex- Fig. 4 . It would be expected that the Brazilian and prototype HTLV-2b isolates would have an additional 25 amino acids at the carboxy terminus. In addition, the Brazilian isolates had four amino acid differences from Mo, resulting in identical amino acids present in the HTLV-2b isolates.
tended Tax proteins representative of HTLV-2b and the Brazilian viruses to transactivate the HTLV-2 LTR, the proteins were cloned into the eukaryotic expression vector pCG. Constructs were prepared to exclude expression of Rex and were used to transfect Jurkat cells together with a plasmid expressing the HTLV-2 LTR with CAT as a reporter gene. Cells were harvested at 48 h after transfection, and cell extracts were analyzed by thin-layer chromatography for CAT activity. Quantification of CAT activity was assayed by measuring incorporation of radioactivity into butyrylated chloramphenicol.
The results of a typical experiment are shown in Fig. 7 , and a summary of the data from several experiments is provided in Table 1 . We found that the extended Tax proteins had consistently much higher transactivation activity than Tax a. Deletion (by 55 amino acids) of the carboxy terminus of Tax a resulted in a complete loss of transactivation activity, confirming previous studies on HTLV-2-Mo (an HTLV-2a subtype), which demonstrated that this region is essential in transactivation (3) .
DISCUSSION
Previous studies have demonstrated the existence of two molecular subtypes of HTLV-2, HTLV-2a and HTLV-2b (5, 8, 22, 23, 26, 44, 53) . While the majority of IVDAs in North America are infected with the HTLV-2a subtype (8, 23, 44) , several investigations have shown that HTLV-2b is clearly the predominant cause of infection in the majority of American Paleo-Indian groups so far analyzed (5, 22, 26, 41, 44, 52) . The one notable exception is the Kayapo Indian group, whose members reside in the Amazon region of Brazil and have been shown to have endemic infection with a distinct variant of the HTLV-2a subtype (30) .
In this study, we have attempted to analyze the molecular characteristics of HTLV-2 isolates present in urban areas of Brazil and to compare these isolates both with the viruses endemic in the Kayapo group and with prototype members of the HTLV-2a and HTLV-2b subtypes. RFLP analysis of a PCR-amplified env product from 28 infected individuals living in these urban areas suggested that all were infected with the HTLV-2a subtype. This finding was directly confirmed by nucleotide sequence analysis of the same region, which demonstrated that the viruses clustered with prototypic HTLV-2a isolates. As this region is highly conserved (23, 26, 29) , with only a small number of nucleotide changes between isolates, it was not possible to confidently identify distinct phylogenetic subclusters in this region within either of the subtypes. In contrast, phylogenetic analysis of the nucleotide sequences of the LTR demonstrated that while the Brazilian viruses were much more closely related to HTLV-2a than to HTLV-2b, they clearly clustered in a distinct phylogenetic group. Moreover, the analysis of the LTR clearly demonstrated that the viruses endemic in the Kayapo Indians and those present in these urban areas of Brazil were very closely related. The distinct phylogenetic grouping of the latter viruses from individuals of such diverse backgrounds suggests that not only might they be of common origin but they should be considered a distinct and unique molecular subtype. This view was also supported by the RFLP analysis of the LTR, which demonstrated that all of the Brazilian viruses analyzed were very closely related and could be differentiated from the prototype HTLV-2a present in North America.
The classification of the Brazilian viruses as a distinct subtype was supported by sequence analysis and functional studies of the Tax protein. The pX region of the HTLV-2 provirus encodes at least two important regulatory proteins, Tax and Rex (47, 49) . Tax is necessary for the transactivation of virus transcription, and this involves indirect interactions of the protein with the LTR via a number of cellular transcription factors (3, 47, 49) . Studies on HTLV-2 Tax, which are now known to have been carried out on the prototype HTLV-2a subtype (HTLV-2-Mo) (48) , have shown that sequences in both the amino and carboxy termini of the Tax protein are required for transactivation of the virus LTR (3). Recent nucleotide sequence analysis has shown that Tax b would be expected to differ from Tax a in that the former has an additional 25 amino acids at the carboxy terminus (22, 40, 42, 43) . This results from a nucleotide substitution(s) which eliminates the stop codon present in all HTLV-2a isolates (22, 40, 42, 43) . In the present study, we have also shown that the nucleotide sequences of the pX regions of all of the Brazilian viruses analyzed also have substitutions in this stop codon and would, like HTLV-2b, be expected to encode an extended Tax protein. Thus, our findings indicate that despite being phylogenetically closely related to HTLV-2a, the Brazilian viruses are phenotypically more similar to HTLV-2b. These findings support the proposal that the Brazilian viruses can be justifiably classified as a new and distinct molecular subtype of HTLV-2. The choice of nomenclature for the Brazilian viruses is made somewhat difficult by their close phylogenetic relationship to HTLV-2a. However, the bootstrap values obtained in the phylogenetic analysis support the conclusion that this is a unique subtype. In addition, the phenotypic differences between HTLV-2a and the Brazilian viruses with respect to the Tax proteins add strong support for their classification as a distinct molecular subtype. We tentatively propose that this subtype be designated HTLV-2c.
The demonstration that the proposed HTLV-2c subtype has an extended Tax protein has important implications for the use of serological methods employing Tax-derived peptides to differentiate the HTLV-2a and HTLV-2b subtypes. Previous studies have shown that the additional 25 amino acids at the carboxy terminus of the HTLV-2b tax protein contain a linear epitope (40, 42) which when used as an antigen in serological assays permits identification of infection by HTLV-2b (13, 40, 42) . It has been shown that whereas the majority of individuals infected with HTLV-2b have immunoreactivity, as expected those infected with HTLV-2a do not (40) . Preliminary studies from our laboratory have also demonstrated reactivity to this region in sera from both the infected Kayapo Indians and the Brazilian IVDAs analyzed in this study (21a) . Thus, this assay would appear to have limited usefulness in this geographic area, as reactive Brazilian samples might be erroneously considered to represent the HTLV-2b subtype.
In this investigation, we have also carried out preliminary studies to compare the abilities of the Tax proteins to transactivate the HTLV-2 LTR, employing transient expression systems with CAT as a reporter gene. It could be shown that the transactivation abilities of the extended Tax proteins were consistently greater than that of Tax a, a finding which provides evidence for the first time that there may be differences in phenotype among the HTLV-2 subtypes. In agreement with previous studies, we found that the carboxy terminus of Tax a is required for effective transactivation of the virus LTR. It is unknown how the additional amino acids at the carboxy terminus of the HTLV-2b and HTLV-2c Tax proteins might contribute to the increased transactivation. It is known that Tax does not bind directly but rather interacts with a range of cellular factors which then interact with specific regions of the LTR (3, 47) . It is possible, but remains to be established, that the additional amino acids either enhance these interactions or provide a second transactivation motif which could possibly lead to the more effective recruitment of cellular transcription factors. Further investigations using site-directed mutagenesis of the Tax proteins and identification of the cellular transcription factors involved should help to resolve these questions. In this study, we analyzed only the transactivation of the LTR of the HTLV-2a subtype. However, as the 21-bp repeats in the U3 region of the LTR which are involved transactivation are unchanged in both HTLV-2b (53) and the Brazilian viruses (21a), it is unlikely that the results of the transactivation studies would be different if the LTRs of the latter were used in the experiments.
The close relationship of the viruses present in the urban areas of Brazil and those endemic in at least one indigenous Amazonian population suggests a common origin of the viruses, and particularly this subtype in this geographic region. It seems highly probable that as HTLV-2 infection was likely introduced to Brazil many thousands of years ago by the ancestors of present-day Indian groups, this subtype was only recently introduced into urban populations of the country. It is now probably maintained by intravenous drug abuse, contaminated blood transfusions, and perhaps sexual and vertical transmission (22) . It seems less likely, but is certainly also possible, that the virus instead has only recently been introduced into the indigenous populations by interactions with infected individuals from urban areas.
Although we have analyzed only a small sample number, the nucleotide sequence and RFLP analysis show that the Brazilian viruses can be readily distinguished from prototype North American HTLV-2a. The demonstration by RFLP analysis of the absence of the HTLV-2b and prototypic North American HTLV-2a subtypes in this IVDA population is intriguing and suggests that at least the population involved in our study has had little interaction with individuals or blood products from other geographic areas. These findings differ from those of a recent study which also used RFLP analysis of the LTR to characterize HTLV-2 infection in three Brazilian blood donors (52) . While the RFLP methods used in the two studies cannot be directly compared because of differences in the restriction endonucleases employed, the conclusion of the previous study appears to differ from ours. In that study, it was reported that all three Brazilian samples had an RFLP pattern similar to that of HTLV-2-Mo, the prototype North American HTLV-2a isolate. Unfortunately, no information was available on the background of these three individuals. Thus, it is unclear if they may have been infected outside Brazil or whether they might have received North American blood products in Brazil or perhaps had other risk factors for HTLV-2 infection. Studies using larger numbers of samples from that country with detailed demographic data of the infected individuals may help to resolve these questions. The demonstration of the existence of a third distinct molecular subtype of HTLV-2, now designated HTLV-2c, which is phylogenetically closely related to prototypic North American HTLV-2a subtype but more phenotypically similar to HTLV-2b may also have important implications for better understanding the role of these viruses in human disease. Prospective clinical and immunological studies in populations infected with the different subtypes may reveal important differences in their relative pathogenicities, particularly with respect to disorders in which the Tax protein may have an important pathogenic role. The findings of the present study also raise questions regarding the origin(s) of this virus family. It seems almost certain that HTLV-2 originated in the Old World. This view is supported not only by the finding of HTLV-2 infection in remote and reportedly isolated groups of Africa (11, 15-17, 19, 20) but also by the identification of closely related viruses in several simian species in that country (18, 21, 36) . The virus was probably introduced to the New World with the migration of the ancestors of present-day Indian populations. The finding of distinct subtypes and variants thereof raises the possibility that these may have been introduced during distinct migration periods. Continued studies of the viruses present in other Indian populations in isolated geographic regions of South America and comparison of these viruses with those present in aboriginal Asian and African populations may help to resolve these questions.
